The difficulties in accommodating the occasional ultramicro investigation in smaller clinical laboratories are briefly discussed. Ultramicro modifications of methods for bilirubin, calcium, magnesium, total protein, albumin, phosphorous, glucose and alkaline phosphatase are described which require the minimum of specialised equipment.
Introduction
For the purposes of this paper the definition of an ultramicro method is fulfilled when it falls into either one or the other of the following categories:
(a) Where the total sample volume required is 0.05 millilitres (ml) or less.
(b) Where the final volume obtained is less than that required to fill a normal spectrophotometer cuvette of a 1 centimetre (cm) light path.
Many technicians will appreciate the problems which can arise when the laboratory is committed to a small but constant demand for pediatric investigations. Many of these must be performed on capillary samples collected by laboratory staff or at best on small volumes of venous blood. Such requests occupy only a small proportion of the daily work load so that the laboratory may not be geared to dealing with very small samples. Some ultramicro systems of analysis can be obtained commercially.!·2 The experience of the writer has been restricted to the Beckman Spinco system.! In the case of the smaller laboratory the upkeep of this in terms of the maintenance of solutions and operator training time is uneconomical, apart from the possible technical criticism of the methods employed in the system. It is felt that the use of comprehensive kits would best be restricted to a specialised laboratory where they can no doubt be successful when used constantly (Stevens 1965) The remarks of others (Clayton and Jenkins 1966) would seem to support this reservation. Simply scaling down standard techniques is rarely an adequate answer, since stages such as protein precipitation, product precipitation or organic solvent extraction which are conveniently used in standard methods are not so easily used at the ultramicro level without loss of precision. However in modern laboratory practice, two factors have eased the situation.
First, the evolution of more specific and more sensitive procedures has tended towards the requirement of smaller sized samples. A realistic appraisal of current methodology for the estimation of a particular constituent will generally result in the finding of a suitable routine micro method from which an ultramicro version can be developed using essentially identical reagents. Often the only extra equipment necessary is an accurate ultramicro sample pipette.
Second, with the modern spectrophotometer the minimum final volume required in a method can be as low as 3.0 ml to fill a normal 1 cm cuvette and micro cuvettes are available which require only 0.45 and 0.9 ml respectively to give light paths of 1 and 2 cm.
Materials Instrumental
The methods described are based on the use of a modern spectrophotometer and for readings in the ultraviolet or near ultraviolet the" minimum slit width technique" is recommended; with micro or semimicro cuvettes it is also necessary to narrow the light beam incident upon the cuvette. On the Unicam SP 500 a condensing lens and a 12 x 2 mm slit situated on the filter disc are used for this. Micro cuvettes of 1 cm and 2 cm light path are required and for the calcium method semimicro cuvettes 3 with a funnelled top holding 1.5 ml are recommended for ease of filling and emptying. With the micro cuvettes this is best done with a Pasteur pipette without removal from the micro holder.
Tubes and pipettes
The use of ultramicro disposable tubes is not recommended because of the impossibility of examining the clarity of the solution or supernatant contained therein. Where protein precipitation is unavoidable, glass tubes 3.50 mm by 10 mm 4 are useful. Mixing is best done by gentle inversion after capping with " parafilm ".
The transfer of supernatants is accomplished with small volumetric or 1.0 ml graduated pipettes. Sanz type pipettes! are used as sample pipettes (Stevens 1965) . Sizes of 0.01 and 0.02 ml are required. The precision of Sanz pipettes is good but their accuracy must be checked by careful weighing before routine use is made of them. Graduated 1.0 or 0.5 ml pipettes 5 can be used for the addition of reagents but better precision is obtained when suitably sized Lang-Levy pipettes are substituted for them.
Methods
Total Protein. A. Spectrophotometric method (Tombs, Souter and Maclagen 1959) Proteins in solution show a specific absorption maximum at 190 nm due to peptide bonds (Goldfarb, Saidel and Mosovich 1951) . The absorption at this wavelength is several times greater than that at the other absorption maximum of 280 nm which is due to the presence of aromatic amino acids in the peptide chain. Interference from nucleotide absorption is negligible at 210 nm, as is that of free and peptide-linked aromatic amino acids since these show absorption minima between 205 and 210 nm whilst proteins show a steeply increasing absorption (Fig. 1) . Consequently serum proteins are estimated by measuring the extinction of 1 in 2000 saline dilutions at 210 nm and comparing this with standard albumin solutions similarly treated.
Reagents required
(a) Saline, 0'5g NaC1 per 100 m!. in water. This should be fresh, clear of particles and kept exclusively for this technique.
(b) Albumin standards. For a primary standard, dessicate pure crystalline human albumin (Koch-Light Laboratories Limited, 100 per cent for electrophoresis experiments) over silica gel at 4°C. Weigh out 0·5 grams, dissolve in saline and make up 500 m!.
From this prepare solutions volumetrically of 1·5 and 4·5 mg per 100 m!. Measure the optical densities of these and the diluted bovine albumin solutions at 210 nm in 1 cm matched Silica cells against saline.
A convenient working standard is 30 per cent w!v bovine albumin (Armour). The exact concentration of this must be checked against a primary standard of purified albumin. Make an initial dilution of the stock 30 per cent to give a saline solution of about 6g per 100 ml (Due to the viscosity of the solution, weighing is probably the best approach). Volumetric dilutions of this are then made in saline to 1 in 1500 and 1 in 3000. (These will correspond to about 81!; per 100 ml and 4g per 100 ml at a 1 in 2000 0.0. 
250
--300 Fig. 1 . Absorption spectrum of 3 mg protein per 100 ml in saline from 205 to 300 nm (Unicam SP 500 in 1 cm silica cuvettes). dilution). Calculate the concentration of the stock bovine albumin which is stable for several months at 4°C if sterility is maintained. The approximately 6g per 100 ml bovine albumin dilution is stable for at least one week at 4°C and can be used as the working standard when taken through the test procedure. Method Into a glass tube of suitable capacity pipette 20 ml of saline. Introduce into the surface 0·01 ml of sample. Cap with parafilm, invert to mix and read at 210 nm against saline in matched 1 cm silica cuvettes. Notes 1. Beer's law is obeyed to extinctions of greater than 1·5 on a Unicam SP 500. The use of two standards, high and low, means that it would be possible to detect deviation from linearity due to decreasing emission from an ageing deuterium lamp.
In this paper ± 2 per cent error was imposed upon the high standard readings. This was not ex~ ceeded in 4 months of use at a rate of about 6 hours per week.
2., The readings ·of diluted samples at 210 nm begin to increase after 2 hours at room temperature. 3. At 210 nm the specific absorption of serum proteins at a concentration of Ig per 100 ml and in it light path of 1 cm"':"ll;s, found to average 200, range 198 to 203 (210 nm Ef2~) . This was compared with protein nitrogen estimations determined .by the Kjeldahl method on 4 normal human sera, bovine aibumin (Armour) and Versatol free;ze-.<lried humau ~erum. (The factor 6·25 was used to calculate protein from protein nitrogen).
.
group.bmj.com on September 6, 2017 -Published by http://jramc.bmj.com/ Downloaded from Total Protein. B. Biuret method (Henry, Sobel and Berkmann 1957) Where ultraviolet facilities are not available a modified Biuret method may be a suitable alternative.
The Biuret reaction is utilised by diluting ser~m with copper citrate solution and adding sodium hydroxide separately. The resulting colour is compared with protein standards similarly treated.
Reagents required
(a) Benedicts qualitative glucose reagent, Southern Group Laboratories, Hither Green, London.
(b) Sodium hydroxide solution, 3'Og per 100 ml in water.
(c) Albumin standards. As for the spectrophotometric method or any albumin solution or whole serum whose protein content has been accurately determined.
Method
Into small glass tubes pipette 0·02 ml of sample, standard albumin and water. Add 0·2 ml of Benedicts reagent and mix. Add 1·0 ml of sodium hydroxide and mix. Stand for 15 minutes at room temperature and if clear read against the blank using 1 cm micro cuvettes in a spectrophotometer at 540 nm. Notes 1. Beer's law is obeyed up to readings of 1 ·0 on a Unicam SP 500. 2. The 540 nm E:~~ of this method averages 3·28. 3. The occasional development of turbidity on standing or the turbidity due to frank lipaemia of the sample is a disadvantage of any Buiret method. Turbidity due to lipaemia can be avoided in most cases by insisting on fasting specimens. Turbidity which develops on standing has been corrected for by adding a few drops of fresh potassium cyanide to the solution. This dispels the Biuret and copper colour leaving the turbidity which can be read as a blank. Alternatively a copper free blank solution has been used. Both of these methods have been shown to over correct. Ether extraction and centrifuging of the final solution is usually successful.
Correlation between the total protein methods Sixty unhaemolysed sera, consisting of pilot samples from 30 volunteer blood donors, 12 ante natal antibody cases, 17 cord samples from normal full term infants and 1 infective hepatitis sample were analysed by the two total protein methods:
(a) The spectro-photometric method (Method A).
(b) The Biuret method (Method B). The results are shown in Table I . 
I
Good agreement is obtained between the two methods for each of the sample groups. The cord blood samples with one exception displayed a much lower range and mean compared with the other two sample groups. albumin containing supernatant is diluted with water and the absorption at 210 nm is compared with that of standard albumin solutions. The final dilution of the test sample is 1 in 1000.
Reagents required
Ammonium sulphate, half saturated, 2·09 molar. 27'6g per 100 ml in water. This can be stored at room temperature.
Method
With a graduated pipette deliver 0·98 ml ammonium sulphate into a small glass centrifuge tube. Add 0·02 ml of test serum, cap with parafilm and invert gently to mix. Stand for 20 minutes at room temperature, then centrifuge at top speed for 15 minutes. Remove 0'5 ml of supernatant and place it in a 10 ml volumetric flask. Make up to the mark with water, invert to mix and read against a similar reagent blank at 210 nm in a 1 cm silica cuvette. Compare with albumin standards in saline as before. Serum is added to brom cresol green buffered at pH 3.8. The increase in readings at 640 nm is related to a standard curve based on identically treated dilutions of normal serum whose albumin content is known.
Reagents required
(a) Sodium citrate, molar. 29'4g NaaC.H.072H20, per 100 ml in water.
(b) Citric acid, molar. 21'Og C.HS07.H20, per 100 ml in water.
(c) Brom cresol green, 0·01 molar. Dissolve 0·698 brom cresol green indicator grade (Hopkins and Williams Ltd.) in 9·8 ml of 0·1 normal sodium hydroxide. Make up to 100 ml with water.
(d) Buffered brom cresol green reagent. To about 80 ml of water in a 100 ml volumetric flask add 1 ·73 and 3· 3 ml of sodium citrate and citric acid respectively. Add 0·6 ml of brom cresol green, mix and check the pH. Adjust to 3·8 if necessary, Make up to volume with water. Add 0·1 ml of Brij6 (25g per 100 ml in water).
(e) Buffered blank reagent. Proceed as for reagent (d) but miss out the dye. The stock dye and buffer solutions are stable for at least 3 months at 4°C. The working reagents are stable for at least 2 weeks at 4°C. Allow the working reagents to come to room temperature before use.
Method
Into each of two tubes pipette 0·01 ml of test serum followed by 2 ml of buffered dye into one tube for the test and into the other the same volume of buffer blank reagent. Flick to mix, stand for 5 minutes and read against distilled water at 640 nm in 2 cm micro cuvettes. Deduct the reading of the serum blank (if any) from that of the test. Compare the corrected reading with a calibration curve (See Note 1). Notes 1. Preparation of a calibration curve. Purified crystalline human albumin preparations are not electrophoretically homogenous (Keyser 1965) and differ in their dye binding characteristics from the albumin of shed human sera (Nankiville and Watson 1964) . Crystalline albumin should not be used for the preparation of calibration curves. The method is standardised using dilutions of pooled normal human sera whose albumin content has been determined by another method. When this is done, results by the brom cresol green method agree with those obtained by other methods, including one specific immuno precipitation technique (Harding and Keyser 1968) .
Directions
Obtain a normal serum pool from at least four individual samples. Concentrate the serum proteins by standing the serum over LyphogeP crystals until the total protein is about 9g per 100 m!. Determine the albumin content of the serum by either the spectrophotometric method above or a salt fractionation/ Biuret method. Distribute the serum into 5 ml amounts and freeze at -10°C. For the calibration curve, make dilutions of the serum in saline 1/5, 1/4, 1/3 etc. and take these through the procedure exactly as a test. Use the reading of the neat dye reagent as a zero point on the graph. A new curve is necessary with a fresh batch of reagents.
2. Beer's law is not obeyed by the dye/albumin complex. For this reason the aim should be to cover from zero to about 6'Og per 100 m!. albumin on the calibration curve using at least five points.
3. Provided that any turbidity contributed to the final solution by the sample is compensated for in an indicator-free blank reagent, the brom cresol green method has been shown to give reliable results even in the presence of bilirubin and free haemoglobin (Northam and Widdowson 19671- Inorganic Phosphorous (based on Stevens 1965 and Dryer, Tammes and Routh 1957) The phospborous in a trichloracetic filtrate of serum is coupled with acid molybdate 
Method
Into 3 centrifuge tubes pipette 1 ml of water. Add 0·05 ml of serum, standard phosphorous solutions and water for the test standard and blank. Mix and add 2 ml of trichloroacetic acid. Cap with parafilm and invert gently to mix. A void foaming and stand for 30 minutes. Centrifuge at maximum speed for 10 minutes and look for visible turbidity by the Tyndal effect. Take off 2 ml of supernatant and to it add 0·4 and I ml respectively of molybdic acid and reducer. Mix and stand for 20 minutes. Read against the blank in I cm silica cuvettes at 330 nm.
Notes
I. For situations where ultraviolet facilities are not available an alternative micro method is to substitute 0·2 ml of test standard. The method is then followed exactly but read at 750 nm.
2. Beer's law is obeyed at 330 and 750 nm to greater than 10 mg per 100 m\. 3. Colour development proceeds rapidly to a near maximum at 20 minutes, then increases by very 'small increments for up to 45 minutes. This occurs at 330 and 750 nm. The method is determined by taking readings between 20 and 30 minutes.
4. Turbidity may be detected by the Tyndal effect in the supernates from some sera. It can sometimes be excluded and always diminished by remixing the precipitate and heating at 90°C for IS minutes. The tube is then cooled and kept at 0-4°C for several hours. After a gentle remixing it is centrifuged. The absorption spectra of serum trichloroacetic acid supernates have been studied and whilst the absorbance in the presence of a molybdate free reagent is almost nil at 750 nm for all kinds of samples, the largest ever encountered at 330 nm was 0·015. This was with a grossly Iipaemic sample. Samples of normal appearance or with slight lipaemia show background absorptions under these conditions of less than 0·01.
Blood Glucose (adapted from Trinder 1969) Blood glucose levels of neonates can be very low, values of <20 mg per cent occurring frequently. Because of the fragility of the neonate erythrocytes some breakdown of the cells is inevitable, no matter what mode of sample collection is adopted. This can cause serious positive errors when a non specific reduction method of estimation is used (Stevens 1965) . In the interests of accuracy a case must be argued for the adoption of a specific glucose method for possibly low pediatric samples. The method of Trinder using glucose oxidase and a non-carcinogenic chromogen uses only two solutions, both of which are stable.
A buffered protein free filtrate of whole blood is incubated with reagent containing glucose oxidase, peroxidase and 4-amino phenazone. The glucose is oxidised to gluconic acid and the peroxide formed oxidises the 4-amino phenazone catalysed by peroxidase. The coloured oxidation product of 4-amino phenazone is compared with that of a standard glucose solution similarly treated. (d) Standards. Dilute 4 ml and 8 ml of glucose solution (100 mg of glucose per 100 ml of saturated benzoic acid solution) to 250 ml with protein precipitant. These correspond to 50 and 100 mg per 100 ml of glucose when treated as supernatant. Stable indefinitely at 4°C. Method Add 0·05 ml fluoride or capillary sample to \·5 ml protein precipitant. Mix and centrifuge. To I ml supernatant add 2 ml colour reagent, mix vigorously and incubate for 20 minutes at 37°C. Treat 1·0 ml of protein precipitant similarly for a blank and 1·0 ml of the glucose standards. Cool and read all tubes against the blank at 515 nm in 1 cm. glass cuvettes for normal and raised values or in 2 cm micro cuvettes for low values. Notes I . Beer's law is obeyed up to at least 500 mg per 100 ml and the colour is stable from 20 minutes to more than I hour.
Alkaline Phosphatase (Babson, GreeIey, Coleman and Phillips 1966) Serum is incubated with buffered phenolphthalein monophosphate. Free phenolphthalein is liberated. The reaction is stopped by the addition of an alkaline buffer which also develops the colour of the phenolphthalein. This is read and results are obtained from a calibration curve based on pure phenolphthalein solutions. The method forms the basis of the" Phosphastrate " kit (William R. Warner).
Reagents required
For the kit, reconstitute reagents exactly as the manufacturers' instructions.
(a) Stock substrate. This is 65 millimolar phenolphthalein in 7·8 molar 2-amino-2-methyl-l-propanol buffered to pH 10·15 with dicyclohexylamine and hydrochloric acid. The concentrate should be warmed to room temperature before use. Stable indefinitely at 0-5°C.
(b) Colour developer. This is a 0·1 molar phosphate buffer of pH 11·2. Dissolve 9'3g Na a PO •. 12H.O and 20·3g Na.HPO •. 7H 2 0 in water and dilute to I litre. Stable at 4°C indefinitely.
Method
Dilute I drop of stock substrate with I ml of water. Pipette 0·2 ml into a small tube. Warm to 37°C for a few minutes and add 0·02 m! of serum. Incubate for 15 minutes and add 1 ml of co.lour developer.
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Read off on a calibration curve (see Note 1). Notes 1 . In the " Phosphastrate" version of this method standardisation is recommended by the construction of a calibration curve based on the activity of" Versatol " freeze-dried human sera which have " weighed in " enzyme values. It is known that the various isoenzymes of alkaline phosphatase which can occur in human sera do not display identical affinities towards any substrate (Wolf, Dinwoodie and Morgan 1969 , Nisselbaum, Schlamouitz and Bodansky 1961 , WilIiamson 1972 .
Standardisation of this procedure against the activity of a particular weighed in enzyme component or components is dismissed in favour of using a calibration curve based on pure phenolphthalein.
Directions
Dessicate pure phenolphthalein over silica gel, weigh out 0-4775g, dissolve in 70 per cent v/v methanol and make up to 1 litre with methanol. This is a 1·5 millimolar solution, 1 ml of which corresponds to 1000 I.V./litre when taken through the procedure. The international unit is defined as that amount of enzyme in 1 litre of serum which will catalyze the hydrolysis of 1 micromole of substrate per minute under the described conditions.
The calibration curve is constructed by firstly diluting the stock standard 1 in 4 with aqueous methanol and setting up a series of tubes as Table n . Above 100 I.U./litre zero order kinetics with respect to enzyme concentration are not obeyed for most sera with high activities, and it is necessary to stop the reaction earlier. Thus if at 5 or 10 minutes the tubes are inspected and from the colour high results are to be expected, the reaction can be stopped at specific time and results calculated on this basis.
Calcium (based on Radio and Gramza 1964)
This method depends upon the different spectral characteristics of the metal indicator Eriochrome Blue SE in the free state and combined with calcium. At the alkaline pH used magnesium does not interfere. The optical density of the buffered dye solution is determined at 610 nm before and after the addition of serum. The decrease in absorbance is related to that of calcium standards similarly treated. Since Beer's law is not obeyed a calibration curve is necessary. 
Method
Into 1 cm semimicro cuvettes pipette 1·5 ml of working dye. Determine the optical density at 610 nm against fresh reference solution. Add 0·02 ml of test serum, close the cuvette with a finger tip covered in parafilm and invert to mix. Again determine the optical density at 610 nm and deduct from the first reading. Determine the change in optical density for each of the 3 calcium standards. In between samplings, wash out the cuvette with water, followed by a rinse with working dye; then shake the cuvette as dry as possible. Plot the standard readings on graph paper and read off the test concentration. It is necessary to produce a calibration curve with every batch of dye reagent. Three standard calcium solutions are adequate for usual purposes. Notes 1. Interference by haemoglobin, bilirubin and lipaemia. Normal fasting sera contribute no significant reading to the solution at 610 nm and neither do jaundiced nor haemolysed sera. Lipaemia in any degree does, however. The effect of lipaemia can be corrected by putting up an alkaline serum blank. This is 1·5 ml of O'5N KOH with 0·02 ml of the lipaemic serum added and read at 610 nm against 0·5N KOH. The corrected reading for the test then becomes:
Magnesium (based on Rice and Lapara 1964) Magnesium ions cause the dye sodium l-azo-2-hydroxy-3 (2, 4-dimethylcarboxanilide) naphthalene-l (2-hydroxy benzene-4-sulphonate) or " Mann" dye to change colour from blue to purple between pH 8 and 11 in dilute alcoholic solution.
The absorption peak of the free dye at 600 nm decreases with added magnesium ions as shown in Fig. 3 . The decrease in optical density at this wavelength is proportional O.D. to the concentration of magnesium. Serum is added to Mann dye in alkaline ethanolic solution. The decrease in optical density at 600 nm is compared with that of a standard magnesium solution similarly treated. To compensate for any turbidity produced by the serum, the test is read against a serum blank without dye. Naafi doesn't actually sell you the car or caravan. Naafi's part of the deal is to see that it costs you as little as possible. This is how: DISCOUNTS FROM 71.% TO 13% OFF THE BASIC PRICE of most popular British cars and 7!,% to 10% OFF touring caravans bought. through a Naafi introduction, from a dealer in the UK for UK or overseas use.
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TUBIGRIP Supports
Tubigrip Bandages provid e the ideal support for weakened or injured muscles and joints, and for a wide varie ty of va ri cose, circulatory and ot her condit ions. They give that constant, evenly distributed support which brings relief and confidence to the pa ti ent wi th out the bulk and inconvenience of conventional bandaging .
Self-retaining Tubigrip Bandages are easy to apply, economica l in " use, and maintain t heir elastici ty through severa l washings. There (d) Dye reagent. Mix 50, ID and 40 ml respectively of water, 0·08 M borate and ethanol. This is stable indefinitely and for use, mix 4 volumes of this with I volume of dye. The mixed dye reagent must be used the same day.
(e) Standard magnesium. Dissolve 0'1233g MgSO.·7H 2 0 in water and make up to 100 m!. This is a 10 mEq/litre solution. For use dilute I in 5 for a 2 mEq/litre working standard.
Method
For each sample put up blank and test. Into semimicro cuvettes pipette 1 ml of dye reagent for the test and 1 ml of serum blank reagent for the blank. To each add 0·005 ml of serum, cap with parafilm and mix. For a neat dye tube, take I ml of dye reagent and add to it 0·005 ml of water. The standard tube consists of Iml of dye reagent and 0·005 ml of working standard. Read the test against the serum blank, the neat dye and standard against water at 600 nm.
Calculate 2. Beer's law. The method obeys Beer's law up to at least 4 mEq/litre of magnesium. The readings are stable from 5 minutes to at least 6 hours.
3. Commercial kits. The method of Rice and Lapara (1964) is an improvement upon the method of Bohuon (1962) who used the difference in absorption between free and magnesium bound dye at 500 nm. A kit based on the Bohuon method, the reagents in which can also be used for the Rice and Lapara method, is available and includes a magnesium standard and an alcoholic solution of Mann dye, from Pye Unicam Limited, Cambridge. . 4. Normal range. This is quoted as 1'5-2'0 mEq/litre for serum Bajpai et al. (1966) using this technique found a mean of 1·51 mEq/litre (range 1·2-1'8) for infants in the first week of life and a mean of 1·82 mEq/litre (range 1·4-2'0) for older infants.
Bilirubin. A. Spectrophotometric method
Serum is diluted 1 in 51 with a phosphate buffer pH 7.4 The optical density is measured at 460 nm which is the peak absorbance of unconjugated bilirubin in serum. Correction for oxyhaemoglobin, which also absorbs at 460 nm is made by deducting the optical density at 549 nm from that at 460. Haemoglobin at pH 7.4 exhibits identical absorbance at these wavelengths whereas bilirubin has a minimal absorbance at 549 nm (Fig. 4) . The corrected reading at 460 nm is related to a similarly treated bilirubin in serum standard.
Reagents required
(a) Phosphate buffer, pH 7·4. Dissolve 4'05g Na 2 HPO. and 1'74g KH 2 PO. in water and make up to I litre. Preserve with a drop of chloroform.
(b) Bilirubin in serum standard. Versatol Pediatric (Warner) is used as a standard (see notes) reconstituted in dim light according to the package instructions.
Method
Into 2 small tubes pipette I ml of buffer with a volumetric pipette. Keeping the samples out of direct daylight add to one tube 0·02 ml of test serum and 0·02 ml of standard bilirubin to the other. Cap with parafilm and invert to mix. Transfer immediately to 2 cm micro cuvettes and read against buffer at 460 and 549 nm in a spectrophotometer. Calculate the concentration of bilirubin in the test as follows:
Concentration conditions are only present in the first few days of life when conjugated bilirubin remains less than 2 mg I per cent in normal infants (Stevens 1965) . The method can be used for slightly older infants when the I reasons for jaundice are essentially haemolytic and the concentrations of conjugated bilirubin are there-l fore insignificant.
4. Effect of Haemolysis. Since most neonatal samples for bilirubin estimation are probably collected by heel prick, the effect of haemolysis is an important factor in the selection of a particular method. Provided that the correction wavelength for haemoglobin has been accurately determined, the spectrophotometer methud gives satisfactory results even in the presence of gross haemolysis. To illustrate this, oxyhaemoglobin was added to Versatol Pediatric serum to give various final concentrations and bilirubin estimations were performed by the spectrophotometric method above and by the method of Lathe and Ruthven (Varley 1967) . The results are shown in Table HI . Bilirubin. B. Diazo method (Martinek 1966) Where the estimation of conjugated bilirubin is necessary the method of Martinek. which uses similar reagents to that of Lathe and Ruthven, is satisfactory although it is affected by haemolysis to approximately the same degree as the latter method. The sensitivity of the Martinek version is some 100 per cent greater than that of most diazoj methanol methods and is particularly suitable for samples showing only slight increases. Bilirubin in serum is coupled with diazotised sulphanilic acid. Reaction between unconjugated bilirubin and the diazo reagent is promoted by the addition of methanol. 
For direct bilirubin: Into 2 small tubes pipette 004 ml of diazo A for the blank and 0·4 ml of mixed diazo for the test. Add 0·02 ml of unhaemolysed serum to both, mix well and start a timer. At 1 minute transfer the tube contents to 1 cm micro cuvettes and read the test against the blank at 560 nm in a spectrophotometer.
For total bilirubin: Put up a second pair of tubes as above and allow to stand for 5 minutes. Then add 004 m! of methanol, mix well and re'ld at 560 nm between 5 and 15 minutes after adding the methanol. Treat a Versatol Pediatric standard in exactly the same way.
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